In the present manuscript, the methods required to generate purified cultures of mature adipocytes, as well as stromal vascular cells, from the same isolation are detailed. Also, we describe the in vitro conditions for the dedifferentiation of the isolated mature adipocytes. These two types of cells may be used to reevaluate differences between presently available cellular models for lipogenesis/lipolysis and might provide a new cellular physiological system for studies utilizing the proliferative progeny from mature adipocyte dedifferentiation. Alternative possibilities to the dedifferentiation phenomenon are proposed, as this new area of research is novel.
Introduction
The cellularity of adipogenesis has been questioned, since mature adipocytes possess the ability to proliferate and form populations of proliferative-competent progeny cells (Fernyhough et al. 2005a ). This previous communication has led to descriptive papers, which discuss the physiological significance of such plasticity displayed by the seemingly differentiated mature adipocyte (Dodson et al. 2005; Fernyhough et al. 2005b ). However, exact methods that might allow researchers to isolate absolutely pure populations of mature adipocytes for subsequent research endeavors have not been published. As such, in the present communication, we provide detailed methods, which will allow for the isolation of purified cultures of mature adipocytes from beefderived fat tissue, and their subsequent progeny cell cultures. These same isolation procedures may be used for adipose tissue from any other animal. (FBS or HS) In the laminar flow hood, prepare 500 ml of serum-containing medium by adding 50 ml of serum, 5.0 ml of pen/strep, 2.5 ml gentamicin to 442.5 ml of basal medium. Store at 4°C. 8. Preparation of the enzyme solution Measure 100 ml of PBS into a glass beaker and place on a stir plate. Add 1.5 g BSA and 90.1 mg glucose. For this procedure, any good quality BSA would likely be acceptable. As we are eventually going to devise a completely defined system to evaluate fractions of isolated cells, we used a form of BSA that was protease and fatty acid free. Stir until all BSA is dissolved then filter through a 0.22 lm pore vacuum filter. Just before use, add 18 Nalge Nunc TM , Rochester, NY.
Materials
0.25 g collagenase to warmed (37°C) PBS solution and sterile filter through a 0.22 lm pore vacuum filter. The final concentrations of the solution are 0.25% collagenase, 5 mM glucose, and 1.5% BSA in PBS.
Experimental Procedures

Cell isolation
Adipocytes and cells possessing similar buoyant densities are initially isolated and cultured as a modification of an earlier method (Sugihara et al. 1986 ; Figure 1a ).
1. Transport the adipose tissue slice from the abattoir (since this isolation is for beef-derived fat tissue; if smaller animals are used, then the tissue isolation may be obtained in the tissue culture laboratory) to the cell culture laboratory in sterile 37°C HBSS supplemented with antibiotics and antimycotics. 2. In a laminar flow hood, place the tissue in a sterile 150 mm dish, bath in HBSS, and cut into approximately 1-cm 2 pieces using sterile scissors and thumb forceps. 3. Place approximately 5 g of tissue into each of the four 50 ml centrifuge tubes (20 g tissue total). Pipette or pour 25 ml sterile enzyme solution to each tube. Place the tubes on a rocker and incubate 1 h at 37°C. 4. After enzymatic cell dispersal, filter the tissue in each tube through a sterile 1000 lm plastic mesh in a sterile funnel into a clean sterile 50 ml centrifuge tube. 5. Spin the filtrate in a centrifuge for 10 min at 186 · g. In the laminar flow hood, remove and discard the underlying pellet (containing preadipocytes, fibroblasts, and erythrocytes) and media. If the stromal vascular cells are wanted, remove the underlying pellet and transfer to a tissue culture flask containing serum-containing medium. Re-suspend the remaining fat layer in 20 ml HBSS and centrifuge for 10 min at 186 · g. Repeat this step two additional times. 6. After the last centrifugation step, transfer the fatty layer (containing the mature adipocytes) to 12.5 cm 2 cell culture flasks (one flask per tube). Fill the flasks completely with a 1:1 mix of DMEM/F12 + 10% HS. 7. Invert the flasks so that the bottom of the flask is on top. This allows the floating unilocular adipocytes to attach to the upper portion of the flask and any remaining fibroblast-like cells to sink to the bottom. Incubate the flasks at 37°C in a 5% CO 2 incubator and monitor daily for cell attachment. There will be residual cells that contaminate the floating cell compartment, and these will need to be removed from the cultures in order to insure a homologous population of cells for research purposes. The removal of the contaminating cells is vital for subsequent success in culturing mature fat cells and determining that mature fat cells are capable of dedifferentiating to form proliferative-competent cells. 8. After sufficient attachment of the cells (usually 5-7 d) remove the medium, replace with 5 ml fresh medium, and re-invert the flasks. This allows for the normal observation and subsequent manipulation of the cultures.
Purification of isolated cells
Differential plating
Two methods of differential plating are employed to insure the purity the mature adipocyte cultures. The first method (early differential plating; Figure 1b ) exploits the extended time needed for the unilocular adipocytes to attach to the cell culture surface, as compared to any preadipocyte and fibroblast that might have been co-isolated and cultured. The second method of differential plating (late differential plating; Figure 1c ) involves cultures that are firmly adhered to the flask (i.e. greater than 4 d in culture).
Early differential plating 1. Remove the medium from each flask and transfer to a clean flask. 2. Add additional serum-containing medium (if needed) to fill the flask. 3. Place each flask once more in ceiling culture.
This transfer will allow the more tenuously attached mature adipocytes to detach (and be removed with the medium) and the cells without lipid (preadipocytes and fibroblasts) to remain attached to the discarded flask.
Late differential plating 1. Enzymatically detach the cells from the culture flask by removing the medium from each flask and adding 2 ml of a 10% trypsin solution.
Place the flask into the incubator. 2. After 4-5 min, monitor cell detachment under a phase contrast microscope. When the cells have all detached, remove the cell suspension, and pipette into a sterile 50 ml centrifuge tube. 3. Rinse the flask with 5 ml serum-containing medium and add to the 50 ml centrifuge tube. 4. Neutralize any remaining trypsin by adding 10 ml serum-containing medium to the 50 ml centrifuge tube. 5. Centrifuge for 10 min at 186 · g. 6. Gently pipette the top 15 ml of supernatant into a clean 12.5 cm 2 flask and fill with DMEM/F12 + 10% HS. 7. Place the flasks in ceiling culture (i.e. invert the flasks). Cells that are lipid-laden will float and adhere to the culture surface whereas non-lipid containing cells, which had not previously discarded in the pellet, will sink and adhere to the non-culture surface. The cells usually attach within 24 h, after which time the excess medium can be removed and the flask re-inverted. 8. If, after the cells have attached, many non-lipidcontaining cells are seen in the flask, a second differential plating may need to be performed to purify the cultures.
Isopycnic density gradient centrifugation
This method has been used for many years to separate not only different cell types from each other (especially in hematological studies) but also to separate intracellular organelles for experimentation. Herein, we describe a method to use Optiprep â to separate lipid-filled cells.
1. Pipette Optiprep â into a 15 ml centrifuge tube containing DMEM/F12 + 10% HS. Four different ratios are used in this experiment: 1 ml Optiprep â + 13 ml serum-containing medium, 2 ml Optiprep â + 12 ml serum-containing medium, 3 ml Optiprep â + 11 ml serum-containing medium, and 4 ml Optiprep â + 10 ml serum-containing medium (Figure 1d ). 2. Centrifuge the solution for 30 min at 800 · g to pre-form the gradient. 3. After the last step during initial adipocyte isolation (before placing in ceiling culture;
Step 5), layer the uppermost 1 ml of supernatant on the preformed density gradient and centrifuge for 30 min at 800 · g. 4. Once the centrifugation cycle is complete, transfer the upper 1 ml of supernatant to a flask and fill with a 1:1 mix of DMEM/ F12 + 10% HS. Invert the flask and place in ceiling culture.
Cloning
The above methods will remove almost all of the non-lipid-containing cells from the cultures. Any remaining fibroblastic cells must be removed through culture surgery and cloning techniques.
1. After sufficient cell attachment in ceiling culture (1-5 d), followed by a primary method of purification, remove all but 5 ml of the medium from the flask. 2. Using a phase contrast inverted microscope, in a laminar flow hood mark the cells containing lipid with an indelible marker on the bottom of the flask for daily monitoring (Refer to Figure 3) . Also, mark non lipid-containing cells for removal (with a non-permanent ink). Use different color inks for lipid-filled and non-lipid filled cells. 3. While looking through the microscope eyepieces, scrape the cells previously marked for removal off the flask with a sterile Pasteur pipette. 4. Wash the cultures 3· with DMEM + 10% HS and add 5 ml of medium to the flask. 5. Monitor the cultures daily and remove any non-lipid containing cells. The purified cultures are ready for experimentation.
Results and discussion
The methods describe here have been found to generate pure populations of mature adipocytes.
Although this laboratory has employed all the described techniques in various different combinations, the cells displayed in Figure 2 were obtained with an early differential plating 2 d after first isolation and two sequential late differential platings. After the cultures were purified (i.e. without any fibroblastic/preadipocyte cells) the cultures were exposed to a traditional growth medium (DMEM + 10% FBS). The cells were monitored daily for proliferative activity, which subsequently occurred. In fact, a previous communication (Fernyhough et al., 2005b) showed mitotic figures in mature adipocytes just prior to mitosis. These cells may be studied for regulation of lipolysis as well as for mechanisms underlying their propensity to proceed from the mature phenotype to a proliferative-competent (presumably less differentiated) cell type (preadipocyte or adipofibroblast -termed reverse differentiation or dedifferentiation). In Figure 2 . Photomicrograph of a bilocular bovine adipocyte undergoing proliferation in vitro. The culture was purified using the early differential plating protocol within 2 d of isolation and two serial late differential platings. Once the cultures were pure (no fibroblastic cells), the cultures were exposed to a traditional growth medium (DMEM + 10% FBS). The cultures were monitored daily for nonlipid laden cells and, once the culture was pure, the culture flask was exposed to a proliferative medium (DMEM + 10% FBS) for 5 d before cell division resulted: (a) the appearance of the maternal cell 24 h after the proliferative treatment was applied. Panel (b) shows the same cell after 3 d. Five days after the proliferative medium was applied (c), the cell divided, through symmetric cell division, into two daughter cells. Panel (d) shows the two daughter cells after 6 d. All photomicrographs were captured at 20· magnification with a NIKON inverted Diaphot microscope, equipped with Sony RGB (0.6 in chip) camera and OPTIX image analysis system. The microscope has been placed in a laminar flow hood and the non-lipid containing cells have been marked on the bottom of the flask. In the hood, the cap was removed from the flask and the Pasteur pipette was inserted into the flask. While looking through the eyepieces of the microscope, the marked cells are scraped off the plate. This can occur from a number of problems: (1) the time from removal of tissue from animal to processing is too long; (2) the tissue was left in the enzyme solution for too long or (3) not long enough; (4) the collagenase used in the enzyme solution has lost its activity; or (5) The photomicrographic results obtained through these procedures clearly demonstrate the ability of these mature adipocytes to proliferate in vitro (Figure 2 ; Dodson et al. 2005; Fernyhough et al. 2005a, b) . In this communication, we have presented additional evidence that mature adipocytes proliferate in vitro. This concept has previously been disputed, stemming from the idea that once the cells accumulated intracellular lipid, adipocytes were considered 'terminally differentiated.' Our overall hypothesis is that the accumulation of lipid is not a terminal event for these cells. Our next set of objectives include: (a) attempting to determine the specific number of cells, in any adipose depot, that are capable of dedifferentiating, (b) Evaluating this phenomenon in young vs. old animals, animals of different sexes and breeds, as well as (c) other physiological states that may influence the dedifferentiation process. As we have not defined the specific cellular and biochemical/molecular characteristics of the cells that are capable of dividing, it may be possible that the isolated lipid-filled cells in Figure 2 represent a different cell form, such as a fibroblast, which may accumulate and release lipid in a similar manner to an adipocyte. In addition, other, yet unknown, cells, that are capable of metabolizing lipid similar to adipocytes, might also reside in these depots. However, we suggest that this area of research is of sufficient interest such that a re-evaluation of the cell composition of adipose tissue depots may be needed. Collectively, this research area may lead to a new understanding of adipose tissue growth and development.
Application of methods
The many processes regulating adipose tissue development are of considerable interest due not only to their physiological effects, but also to their potential effects on current medical concerns. For example, obesity is of great concern as adults classified as overweight topped 64.5% (Flegal et al. 2002) and has been deemed a predisposing factor in other medical conditions such as diabetes and heart disease. Indeed, both diabetes and hypertension has been steadily increasing every year in the U.S. The percentage of adults who have been ever been diagnosed as having diabetes was 6.6% in 2003 (up from 5.1% in 1997; Schiller et al. 2005 ) and the percent of adults with hypertension from 1999 to 2002 was 30.1% (Schiller et al. 2005) .
In addition to the biomedical field, adipose development is of concern in the economically important traits of food-producing animals such as cattle. These traits include fat depth and distribution (including marbling) as well as the overall efficiency of nutrient use (Hansen et al. 2004) . For example, a reduction in subcutaneous fat (waste fat) would be of tremendous economic savings to producers. The total cost of excess fat to the U.S. beef industry has been shown to be $ 4.4 billion; $ 2 billion in production costs and $ 2.4 in shipping and removal costs (Ritchie et al. 1993) . Additionally, marbling has been shown to influence consumer preferences for beef (meat) products. Understanding the mechanisms underlying adipocyte differentiation and adipogenesis could eventually help producers to modulate the characteristics of adipose tissues and promote the occurrence of marbling deposition without the excess accumulation of subcutaneous or visceral fat (Hansen et al. 2004 ).
